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Title: X-RAY MICROSCOPIC INSPECTION APPARATUS 
Abstract : 

[Purpose] To provide an X-ray microscopic inspection apparatus 
capable of performing non-destructive inspection with high 
resolving power equal to or less than 0.1 (im in a very short 
period, and largely contributing to the nano- technology field. 
[Constitution] In the X-ray microscopic inspection apparatus 
having X-ray generating means for generating an X-ray by 
allowing an electron beam from an electron source to impinge 
on a target for X-ray generation, for inspecting an object to 
be inspected by utilizing the X-ray, a magnetic field 
superposition lens having a magnetic field generating portion 
disposed in the vicinity of an electron generating portion of 
an electron gun is included as a component element of the X-ray 
generating means. Further, the apparatus includes a liquid 
metal electron source using liquid metal or a thermal field 
emission electron source as the electron source, as a component 
element of the X-ray generating means. Furthermore, the 
apparatus includes a target with a heat sink using CVD diamond 
as the heat sink as the target for X-ray generation, as a 
component element of the X-ray generating means. 
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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

Especially this invention relates to the X-ray micro test equipment which makes a good high resolution more 
possible than 0.1 micrometers over the range of large acceleration voltage using the lens system which converges 
while accelerating an electron about X-ray inspection equipment in the electron source list which emits a high 
brightness electron flow. 
[0002] 

[Description of the Prior Art] 

As test equipment using an X-ray, various kinds of industrial test equipment, such as an X-ray microscope, foreign 
matter test equipment, and X-ray fluorescence equipment, and medical-application X-ray plants, such as X-ray- 
diagnosis equipment, are known. Drawing 6 shows the example of a configuration ofoonventional X-ray:- r : : : 
inspection equipment. The X-ray inspection equipment in this example converges Electron Re on the target 23 V 
which was made after accelerating the electron Re from electron source 21b, and was made in the sheet metal of . .. . ; 
refractory metals, such as a tungsten, with the electron lens 22, and he is trying to obtain minute puhctifortn X line 
source 23a by impressing the high voltage between grid 21a and anode 21c, using thermocouple-emission cathode 
21b as an electron source. And expansion projection of the interior of a sample (inspected object) 10 is carried out 

using punctiform X-ray Rx generated from X line source 23a, and fluoroscopy of the fine structure inside a sample 

is carried out by un-destroying. 
[0003] 

In such X-ray inspection equipment, although electron beam Re which collided with the target 23 is changed into 
X-ray Rx here, the conversion efficiency is very as low as 1% or less, and most energy of electron beam Re is 
changed into heat on a target 23. By the way, it cannot be said that it is freely bent using an electron lens like an 
electron since an X-ray does not have a charge. Therefore, in order to obtain a big scale factor, it is necessary to 
incorporate X-ray Rx which brings a sample 10 close to X line source 23a as much as possible, penetrates a sample 
10, and spreads in the radial with the two-dimensional detector (X-ray detector) 24 set and arranged in distance, and 
to use it as an image as much as possible, (although there are various classes as X-ray detector 24, an X-ray is 
changed into light and magnification and imaging are performed). On reason, the more it takes a large distance 
between a sample 10 and X-ray detector 24, the more a scale factor increases to where, but in fact, since X dosage 
per unit area is inversely proportional to the square of distance and decreases, the upper limit of a scale factor is 
decided by balance of the sensibility of X-ray detector 24, and X dosage of the expanded image. 
[0004] 

On the other hand, about the resolving power of the X-ray image which penetrated the sample 10, the one where X 
line source size (focal size) is smaller fades, and an amount becomes less and it improves. However, since the 
amount of electron rays contained in it will be inversely proportional to the square of the diameter of a spot, and 
will decrease and X dosage will also decrease according to it although X line source size can be made small if it 
converges small with an electron lens 22 when using the same electron source 21b, final resolution is decided by 
balance with the sensibility of previous X-ray detector 24, and has a certain limitation. The two-step contraction 
system which used the lens with as much as possible little spherical aberration and chromatic aberration for the 
focusing lens system, and LaB6 (6 way-ized lanthanum) cathode with the property which was excellent as a source 
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o£a thermoelectron are adopted, the image intensifier tube of high sensitivity is used further, and resolution cut 1 
micrometer with the conventional X-ray micro test equipment which these people are developing and is 
commercialized, and amounts to about 0.4 micrometers in it. If the resolution better than 0.1 micrometers which it 
may consider technically to be a limitation in the present condition although this is globally seen as practical X-ray 
inspection equipment and is the value (even about 0.1 micrometers will be the highest value if the exposure time is 
disregarded) of the current highest, and is expected by this invention has and carries out the conventional technique, 
it is impossible (refer to explanation of the nonpatent literature shown below). 
[0005] 

Here, the Prior art concerning the resolution of X-ray inspection equipment is explained. 
[0006] 

About the technique concerning resolution, it is indicated by nonpatent literature 1 - nonpatent literature 5, for 
example. About X-ray shadow microscopy, conventionally, although 0.5 micrometers of the resolution were a 
limitation, having attained the resolution of 0.1 micrometers is indicated by nonpatent literature 1 by using a very 
thin metal membrane (0.1 micrometers in thickness) for a target this time. Moreover, although the image of one 
sheet is obtained, it was indicated that the exposure time was 5 minutes, and after the paper of this nonpatent 
literature 1 was indicated, research for shortening the exposure time etc. came to be done briskly. Moreover, 
nonpatent literature 2 is the research report (Tohoku University science measurement research service-message 
notice) using the illuminating system of an electron microscope about transparency mold X-ray shadow 
microscopy, and having attained the resolution of 0.1 micrometers is indicated. Moreover, rational analysis is 
performed about each factor which affects resolution, and the spot size of X line source is drawing the conclusion 
of affecting resolution most. Moreover, using shaking an electron beam at focusing with a deflecting coil using 
being SEM (scanning electron microscope) is indicated. 
[0007] 

Moreover, nonpatent literature 3 explains the flow of the X-ray microscope by today, mentions especially ? 
observation of a living thing sample, and explains the soft-X-ray microscope with comparatively short (1-100A) 
wavelength. Although nonpatent literature 4 is almost the same as the contents of nonpatent literature 2, the wave ; : 
which becomes a basis with a resolution of 0.1 micrometers is shown (text p. 146). The X-ray microscope is 
explained intelligibly and nonpatent literature 5 is a target. 

It is the same as nonpatent literature 2, 3, and 4, and it is shown by by changing a target to the sample to which 

contrast is hard to be attached that image quality becomes good. 

[0008] 

[Nonpatent literature 1] 

The Nixon (Nixon) work, "high-RIZORUSHON X-Rey projection microphone loss KOPII (High-resolution X- 
ray projection microscopy)", 1960, A232:p.475-485 
[Nonpatent literature 2] 

Yada Keiji and Ishikawa A congratulation and "transparency mold X-ray shadow microscopy using SEM" Tohoku 
University science measurement research service-message notice, and 1980, The 29th volume No. 1 p.25-42 
[Nonpatent literature 3] 

Kunio Keiji Yada and Shinohara, "development of a soft-X-ray microscope", 1980, living thing physics Vol.33 
No.4p.8- 16 
[Nonpatent literature 4] 

Cage YADA (Keiji Yada) SHOUICHI Takahashi (Shoichi Takahashi) - "-- yes - RIZORUSHON projection X- 
Rey microphone loss KOPII (High-Resolution Projection X-ray Microscopy)", 1994, and Chap.8 pl33-150 
[Nonpatent literature 5] 

Kunio Keiji Yada and Shinohara, "development of a projection X-ray microscope and application to biology", 

1996, Aomori Public College bulletin The 1st volume p.2-13 

[0009] 

[Problem(s) to be Solved by the Invention] 

In order to manufacture X-ray inspection equipment with an unprecedented high resolution, an electron source with 
more many high brightness (the amount of currents per an unit area / unit solid angle is ) and the amounts of 
radiation currents is needed. Moreover, the electron lens system which secures as many amounts of electron probe 
currents as possible is also needed. Furthermore, the device which enlarges the appearance and the heat dissipation 
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effectiveness of a target of not ************(jj_g) even if an electron probe with such high current density collides 

is needed. 

[0010] 

By the way, although the field of nanotechnology is crossed to information, medicine, and an environment, the 
components which constitute it in the micro machine said by medicine tend to cut 1 micrometer, and tend to be 
contained in the order of a nano, for example. Moreover, detailed-izing of current semiconductor technology is 
being enhanced, and it has been the technical problem which surely needs the nondestructive inspection in 
resolution the class of 0.1 micrometers or less using the unprecedented minute X line source. The big technical 
problem that line breadth of a next-generation VLSI will especially be set to 70-100nm from current 180-130nm in 
the information field occurs. Since the fine structure which made the light element the subject serves as a candidate 
for observation in many cases and contrast is given to an image at coincidence, even if it uses the X-ray of the long 
wavelength by the difficult low acceleration voltage of 10-20kV, with ordinary X-ray inspection equipment, it has 
been an important technical problem to hold a high resolution. 
[0011] 

The purpose of this invention solves many technical problems mentioned above, it is a high resolution 0.1 
micrometers or less, and makes [ this invention is accomplished from the above situations, ] nondestructive 
inspection in a short time possible very much, and it is in offering the X-ray micro test equipment which can 
contribute to the field of nanotechnology greatly. 
[0012] 

[Means for Solving the Problem] 

It has an X-ray generating means for this invention to apply the electron ray from an electron source to the target for 
X-ray generating, and to generate an X-ray, and the above-mentioned purpose of this invention is attained about the 
X-ray micro test equipment which inspects an inspected object using said X-ray by having the field superposition 
lens with which the field generating section has been arranged near the electronic generating section of an electron 
gun as a component of said X-ray generating means. Moreover, it is attained by having the liquid metal electron i 
source using the liquid metal as said electron source as a component of said X-ray generating means: Moreover, it is : 
attained by having a thermoelectrical community radiation electron source as a component of said X-ray generating 
means as said electron source. Moreover, it is attained by having the target with a heat sink which used the CVD 
diamond as a heat sink as said target for X-ray generating as a component of said X-ray generating means. 
[0013] 

Moreover, it is attained much more effectively by having one of components at least among the targets with a heat 
sink which used the CVD diamond as a heat sink as the electron source which used the liquid metal other than the 
field superposition lens arranged near the electronic generating section of said electron gun as said electron source 
as a component of said X-ray generating means or a thermoelectrical community radiation electron source, and said 
target for X-ray generating. 
[0014] 

[Embodiment of the Invention] 

In the X-ray micro test equipment of this invention, in order to solve many technical problems stated by [Problem(s) 
to be Solved by the Invention], following **** is adopted, the thermocouple-emission cathode used for 
conventional X-ray inspection equipment the 1st — comparing — more — high — brightness "thermoelectrical 
community radiation cathode 1 ' or "liquid metal field emission cathode" is used for an electron source for the first 
time as X-ray micro test equipment. The description of these electron sources is that brightness is higher than LaB6 
cathode double figures, and the magnitude of an electron source effectual to coincidence is small triple figures. For 
this reason, a special device is needed for the electron optics system which forms an electron probe. With 
conventional X-ray inspection equipment, as shown in drawing 6 , after accelerating the electron Re from electron 
source 21b, it converged with the electron lens 22, and the electron probe was reduced double figures as a whole. 
On the occasion of this contraction, reduction of the amount of electron rays follows as mentioned above. Then, 
with the X-ray micro test equipment of this invention, it is considering [ 2nd ] as the gestalt operated as a several 
times as many expansion system as this as a whole by introducing the field superposition electron lens (henceforth a 
"field superposition lens") which converges while accelerating an electron, reducing the amount of loss electron 
rays. Thus, too, with an X-ray microscope, using the field superposition lens which is not used, an unprecedented 
high brightness X line source is realized, and an X-ray image with a resolution of 0.1 micrometers or less can be 

\ 

hitp://www4. ipdl.jpo.go.jp/cgi-bin/tran_wcb_cgi_ejje Page 3 of 9 



Untitled 



8/31/04 6:05 PM 



acquired very much in a short time with the electron source (a thermoelectrical community radiation electron 

source, liquid metal electron source) which is not used for an X-ray microscope until now. 

[0015] 

The sheet metal of the diamond made from CVD (chemical vapor deposition) is introduced into the targetfor X-ray 
generating as a heat sink the 3rd. Although an X-ray tends to penetrate a diamond and it is an insulating material in 
a light element, thermal conductivity is very high (about 3 times of a pure copper), and its melting point is also very 
high. The diamond plate of good thermal conductivity came to be obtained by CVD recently. The target ingredient 
was further attached and used by CVD on the diamond plate, and even if the X-ray changed from an electron ray 
increased sharply, it was made have decreased the temperature rise of the target by the electron beam sharply by 
considering as a target with a diamond heat sink, and to bear a thermal load with the gestalt of this operation. 
Although it can say that what adopted all is the optimal as for the 1st mentioned above - the 3rd technical matter, it 
can adopt independently, respectively and all can attain high-resolution-ization of an X-ray image. 
[0016] 

By the way, although it turned out that it is desirable to use the X-ray of long wavelength by the sample which 
made the light element the subject, as for conventional X-ray micro test equipment, the approach had only the 
contrast enhancement by the image processing for lack of the amount of signals. In the X-ray micro test equipment 
of this invention, since the steep increment in the amount of signals was attained by having adopted each above 
technical matter, it became possible to inspect the light element sample using the X-ray of long wavelength by the 
high resolution. For example, acceleration voltage will be lowered to the low acceleration voltage of about 10- 
20kV, germanium (germanium), Cr (chromium), etc. are adopted as a target corresponding to it, and, in addition to 
the continuous X-rays whose wavelength is 0.6-2 A, 2-3 OA powerful characteristic X ray is generated, such a long 
wave — merit - and by considering as the gestalt which generates an X-ray with much X dosage, large contrast 
enhancement becomes possible also at the sample which made the light element the subject. 
[0017] : 0'.:~~ 

Hereafter, the gestalt of suitable operation of this invention is explained to a detail with reference to a drawing. 
[0018] ' : 

Drawing 1 shows an example of the configuration of the principal part of the X-ray micro test equipment 
concerning this invention, an X-ray generating means consists of an electron gun 1, an objective lens 2, and target 3 
grade, and an electron gun 1 consists of shot key module la, electron source lb, anode lc, etc. In the X-ray micro 
test equipment of this invention, "liquid metal field emission cathode (liquid metal electron source) 11 or 
"thermoelectrical community radiation cathode (thermoelectrical community radiation electron source)" is used as 
electron source lb as mentioned above. 
[0019] 

Drawing 2 (A) and (B) show an example of liquid metal field emission cathode which used the liquid metal for the 
electron source by the mimetic diagram. Liquid metal field emission cathode lb For example, as the filament of a 
tungsten is made into the source al of a thermoelectron and it is shown in this drawing (B) by making into the 
electronic generating section a2 what formed the tip of a tungsten as shown in this drawing (A) in the acute angle, it 
attaches to the source al of a thermoelectron, and it considers as the configuration which applied the liquid metal a3 
to the electronic generating section a2. By considering as such a configuration, a liquid metal a3 is transmitted in a 
front face, and is supplied at the tip of the electronic generating section a2. The amount of an electron ray increases 
about 1000 times according to the effectiveness which the liquid metal a3 brings about. The ingredient currently 
used as an ingredient used as a liquid metal by the liquid metal ion source with the vapor pressure comparatively 
low among low melting point metals in the melting point is desirable, for example, In (indium) [melting point ** 
429K, vapor pressure:«10-10 Pa in the melting point], Ga (gallium) [melting point **303K, vapor pressure:«10- 
10 Pa in the melting point], etc. are suitable. 
[0020] 

In this invention, like the example of a configuration of drawing 1 , moreover, near the electronic generating section 
of the electron gun 1 of X-ray micro test equipment Until it arranges field superposition lens Id which is not used in 
an X-ray microscope and results [ from electronic generating section la ] in anode lc which is the component of an 
electronic acceleration means at least The field which field superposition lens Id makes is made to superimpose on 
the electric field which an electron gun makes, and it is considering as the configuration converged while 
accelerating Electron Re by anode lc. That is, the amount of loss electron rays of a focusing electron ray is reduced 
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by*accelerating converging the electron Re immediately after generating from electronic generating section la. And 
he applies the focusing electron ray (electron probe for X-ray generating) which has high current density to a target 
3, and is trying to make X dosage generated from a target 3 increase. 
[0021] 

With these electron ray equipments, although the so-called field superposition lens was conventionally used in 
electron ray equipments, such as a transmission electron microscope and a scanning electron microscope, although 
the diameter of a spot of an electron ray was small, since there were few amounts of radiation currents, desired X 
dosage was not obtained from a target 3, and it was not able to apply to X-ray micro test equipment. The reason is 
that the problem that an image is dark and little probe current takes the long exposure time occurs in X-ray micro 
test equipment unlike an electron microscope, although the amount of radiation currents comes out enough as an 
amount of signals and does not pose a problem so much in an electron microscope, even if it is quite small. It is a 
requirement for that the exposure time is short to spread through industrial use especially. Moreover, with electron 
ray equipments, such as an electron microscope, it is considering as the configuration which includes a magnetic 
circuit etc. in the electron gun interior of a room where an ultra-high vacuum is searched for. It was difficult to solve 
degradation of the vacuum by the magnetic circuit accompanied by the gas and generation of heat which an 
electron flow hits and emits in the X-ray micro test equipment which needs a large electron flow (probe current) 
more. Therefore, there is nothing that applied what is used with electron ray equipment to X-ray inspection 
equipment, and it bends with a lens the electron ray accelerated with the anode, and he was trying to converge it 
with conventional X-ray inspection equipment. By this invention, this problem is solved by dissociating in vacuum 
and carrying out water cooling of the adoption and the magnetic circuit of an ingredient which are made for there to 
be few amounts of gas evolutions. 
[0022] 

Here, the configuration of the field superposition lens peculiar to X-ray inspection equipment concerning this 
invention is explained as compared with what is used with electron ray equipments, suchas a scanning electron. 

microscope. * 

[0023] — ; 

Since the good electron ray of coherence with high and brightness is obtained, FE (field emission) electron gun 
demonstrates power with the transmission electron microscope, the scanning electron microscope, the scanning 
transmission electron microscope, or the electron ray aligner. However, this engine performance reduces the 
crossover of the light source remarkably small, and is obtained. When the so-called electron ray probe is also used 
as the probe below nano meter size (SABUNANOMETA), sufficient engine performance is demonstrated for the 
first time. However, if it is going to obtain the probe to which the crossover of the light source was expanded with 
submicron one to micron size, it will become difficult to acquire sufficient probe current according to the big 
aberration of a magnifying lens. This aberration is proportional to the 3 - 4th power of distance with regards to the 
distance from the location of the light source of an electron gun to the first rank of a magnifying lens (one step or 
two or more steps). Therefore, the so-called compound lens which added the electron lens to the electron gun 
section is devised, and it is put in practical use partly. 
[0024] 

However, as the conventional FE electron gun is shown in the example of a configuration of drawing 7 , the whole 
is formed by vacuum sealant IB, such as stainless steel, and the case of an electron gun room is considered as the 
configuration which incorporated 1 (Id 1 1, Id 12 grade of exiting coils of magnetic substance) Id of magnetic 
circuits which became independent to electron gun point 1 A arranged in the ultra-high vacuum. With such a 
configuration, inclusion of the magnetic circuit accompanied by generation of heat, cooling water, and a magnet 
coil, the lead wire connected with them, and the big difficulty to the ejection of piping follow in FE electron gun 
room A where an ultra-high vacuum is searched for. Moreover, the axial doubling device of an electron gun and an 
electron lens is also very difficult, on the other hand, the field generating section of the field superposition lens with 
which the electron gun for X-ray generating (henceforth an electromagnetic-lens superposition electron gun) which 
has a field superposition lens concerning this invention consists of Id 1 grade of magnetic circuits — the near 
electron source (electron gun point 1 A which generates an electron) of an electron gun — and it is considering as the 
configuration prepared in the part separated in [ an electron gun room ] vacuum. 
[0025] 

Make drawing 3 correspond to the configuration of the conventional FE electron gun shown in drawing 7 , and it 
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shows the 1st example of a configuration of the electromagnetic-lens superposition electron gun concerning this 
invention. The electron gun point by which 1 A is constituted from an emitter, a suppressor, extracter, etc., and ldl 
a magnetic circuit, the magnetic substance with which 1 1 constitutes Id of magnetic circuits, arid ldl2 Id of 
magnetic circuits, the exiting coil for 1 and s show spacing of two pole piece of an electron lens, and b2 ( drawing 7 
"b") shows the bore diameter of pole piece, respectively. As shown in drawing 3 , with the gestalt of this operation, 
it is considering as the configuration which incorporated the electron gun room itself into 1 Id of magnetic circuits 
which consist of Id 1 1 grade of magnetic substance. The electron gun hold section with which the cross section 
was covered with by the shape of a rectangle, and the whole (or part) case was covered with the magnetic 
substance, for example as shown in drawing 3 is provided as an electron gun room A as a field superposition lens 
Id component in detail, and it has the composition that the electron gun was built into the electron gun hold circles. 
That is, the part (a part or the whole of cases, such as a superior lamella, a bottom plate, and an outer case) of the 
case which constitutes an electron gun room is made into a part or the whole of a magnetic circuit (field generating 
section), and an electron gun and Id of electron lenses are considered as the configuration separated in vacuum. 
[0026] 

Although strong excitation is called for in this 1st example of a configuration, since an object surface (crossover of 
the light source) is arranged more back than a lens place core, it is effective in the ability to make an aberration 
coefficient (especially spherical aberration) sufficiently small. When, as for that reason, the distance from an object 
surface (crossover of the light source in this case) to an electron lens antigerminal pole is generally fixed, the one of 
spherical aberration where the bore diameter of pole piece and spacing are larger is because it becomes small. In 
addition, although chromatic aberration is not the limitation, chromatic aberration can be disregarded as an object of 
this invention. Moreover, with the electron gun room where an ultra-high vacuum is searched for, since it becomes 
the form separated constitutionally, it is effective in the ejection of a vacuum seal, cooling water, and lead wire etc. 
becoming easy. 

[0027] ivvi?: 

Drawing 4 is made to correspond to the 2nd example of a configuration shown in drawing 3 , and shows the 2nd 
example of a configuration of the electromagnetic-lens superposition electron gun concerning this invention. With 
the gestalt of this operation As are shown in drawing 4 , and approached more in 1 1 electron gun point 1 A and Id 
of magnetic substance For example, a cross section establishes the convex electron gun room A in the field 
superposition lens Id upper part which consists of Id 1 1 grade of magnetic substance formed in the concave, and is 
considering as the configuration of the form which inserts electron gun point 1 A into a field from the field 
superposition lens Id bottom. Since a very strong field is acquired in the 1st example of a configuration shown in 
drawing 3 , although it is very effective, to a low acceleration electron ray, it cannot necessarily be said to the 
electron ray of to some extent high acceleration that it is convenient. Then, as it ends with small excitation, it is the 
gestalt of this operation which the bore diameter b (bore diameters bl and b2 of the path size from which the upper 
and lower sides differ in this example) and spacing s of pole piece were made small, and was considered as the 
form which inserts electron gun point 1 A into the field. 
[0028] 

The 1st of the above-mentioned electromagnetic-lens superposition electron gun, and the 2nd example of a 
configuration a field superposition lens The field generating section near the electronic generating section of an 
electron gun And the effectiveness that it is considering as the configuration arranged to the separated part with the 
electron gun room, and an electron gun and an electron lens can be separated in vacuum (it is easy to realize ultra- 
high vacuums including a baked broth), It is effective in the ability to superimpose the electric field which an 
electron gun makes, and the field which an electron lens makes reasonable. Moreover, axial doubling is also easy to 
incorporate a migration device mechanically, and it can realize it easily, preparing deflecting coil le, such as a short 
form coil, near the electron gun point 1 Ab with the configuration of drawing 4 , furthermore, as one of them is 
shown — electromagnetism - axial doubling becomes possible and is also practical. 
[0029] 

Although the electron lens 2 by the side of the target 3 which requires only the above-mentioned field superposition 
lens Id theoretically, and was shown in drawing 1 as a lens for electron ray focusing (objective lens) is not an 
indispensable configuration, it is forming an objective lens 2 and making focusing of an electron ray into two steps, 
and the degree of freedom which chooses desired electron probe size and probe current becomes very large. 
Moreover, as compared with conventional equipment (refer to drawing 6 ), with the X-ray micro test equipment of 
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thk invention, the focal distance of an objective lens 2 is long, and the long working distance (several cm) which is 
not acquired can be realized with conventional X-ray micro test equipment. Therefore, the large space between an 
objective lens 2 and a target 3 can be taken, and it becomes possible to install the peripheral device concerning 
inspection in the space. 
[0030] 

Moreover, in order to realize the X-ray micro test equipment of a high resolution, although it is important for the 
electron ray which hits against a target 3 that there are [ a loss of focusing with a high performance lens ] many 
amounts of electrons few in order to generate the X-ray of high brightness and minute focal size, the sense and 
location of a shaft of an electron beam for X-ray generating are also important [ there is much X dosage which 
irradiates a sample (inspected object) 10, and ]. With the gestalt of this operation, as illustrated in the drawing 1 list 
at drawing 4 , as X-ray micro test equipment, it considers as the configuration which arranges electron ray shaft 
doubling coil le near the electronic generating section 1A (a very near electron source) for the first time. By this 
axial doubling coil le It can be made to make axial doubling to X line source of an electron beam correctly and 
very easy by shifting the electron ray before accelerating by anode lc in X and the direction of Y, and setting a 
shaft. 
[0031] 

Furthermore, as a target 3 for X-ray generating shown in drawing 1 , it is easy to penetrate an X-ray, and in spite of 
being an insulating material, thermal conductivity is considering as the configuration using the diamond also with 
the very high melting point as a heat sink very highly. The property of Be (beryllium) and a diamond is show, and a 
diamond does not generate the problem of ************ ? even if the electron probe which has the high current 
density which converged by field superposition lens Id since thermal conductivity and the melting point are very 
high even if it compares with Be currently used conventionally collides, either, but the following table 1 
demonstrates the effectiveness which was excellent as a heat sink of the target for X-ray generating. 
[0032] r;c;i: 
[Table 1] 





Be 


Diamond 


H&£CE0 


1551 


3873 


$g(kgm-3) 


1847.7[293K] 


3510[293KI 




200[300K] 


1540[400K] 




2.5X1Q7[293K] 


3.7X10-5[293K] 



[0033] 

Drawing 5 (A) and (B) are taken as the configuration which vapor-deposited target ingredient 3a by CVD further 
on diamond plate 3b of the shape of sheet metal formed in CVD, as the side elevation and the top view show 
typically an example of the configuration of the target 3 with a diamond heat sink concerning this invention and it is 
shown in this drawing (A). Thus, by considering as the target which used the CVD diamond as the heat sink, the 
temperature rise of the target 3 by the electron beam was decreased sharply, and the target which bears the thermal 
load also through a high intensity X-ray is realized. 
[0034] 

the X-ray micro test equipment which has a 40nm - lOOnm super-high resolution by considering as the above 
configurations — being realizable — inspection of a next-generation VLSI, inspection of the component part of the 
micro machine of medical application, and a long wave - it becomes possible to contribute to the nondestructive 
inspection of various fields, such as inspection of the sample which made the subject the light element by merit's (2- 
30A) X-ray, etc. greatly. 
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[Qp35] • 

[Effect of the Invention] 

As explained above, according to this invention, it becomes possible from 0.1 micrometers to offer the X-ray micro 
test equipment which can be inspected by un-destroying about the fine structure of an inspected object by the good 
super-high resolution (40-100nm). Since the electron beam for X-ray generating which has high current density 
using a field superposition lens is formed in detail and he is trying to generate an X-ray with much X dosage per 
unit area, it becomes possible to make it operate as a several times as many expansion system as this as a whole, 
avoiding reduction of the amount of electron rays. Moreover, as compared with the conventional electron source 
using LaB6 cathode, an electron source with many high brightness and the amounts of radiation currents can be 
offered by considering as the configuration which used a liquid metal or thermoelectrical community radiation 
cathode for the electron source, and X dosage which irradiates an inspected object can be made to increase sharply. 
[0036] 

Moreover, the temperature rise at the time of the energy of an electron beam being changed into heat on a target can 
be sharply decreased by considering as the configuration which used the CVD diamond as a heat sink as a target 
for X-ray generating, and as the result, even if it makes X dosage which irradiates an inspected object increase 
sharply, it can consider as the target which bears a thermal load. 
[0037] 

Moreover, as [Problem(s) to be Solved by the Invention] described, as for the configuration smallest unit, nano 
SUKERUHE detailed-ization is progressing semi-conductor components to first in a roll from microscale in recent 
years. It will become an indispensable technique to inspect the fine structure inside such a component by un- 
destroying from now on. Investigating such a internal structure by un-destroying and the high resolution has only 
an X-ray. Therefore, according to this invention whose nondestructive inspection in a 40-100nm super-high 
resolution etc. becomes possible, it can contribute to the field of nanotechnology greatly. 
[Brief Description of the Drawings] ; 
[Drawing 11 It is the schematic diagram showing an example of the configuration of the principaLpart of the X-ray. 
micro test equipment concerning this invention. / . ; : ir. 

[Drawing 21 It is the mimetic diagram showing an example of liquid metal field emission cathode which used the 
liquid metal for the electron source, and drawing 2 (A) is a front view and drawing 2 (B) is a side elevation. 
[Drawing 31 It is the mimetic diagram showing the 1st example of a configuration of the electromagnetic-lens 
superposition electron gun concerning this invention. 

[Drawing 41 It is the mimetic diagram showing the 2nd example of a configuration of the electromagnetic-lens 
superposition electron gun concerning this invention. 

[Drawing 51 It is the mimetic diagram showing an example of a target with a diamond heat sink, and drawing 2 (A) 
is a side elevation and drawing 2 (B) is a top view. 

[Drawing 61 It is the schematic diagram showing an example of the configuration of conventional X-ray inspection 
equipment. 

[Drawing 71 It is the mimetic diagram showing the example of a configuration of the conventional FE electron gun. 
[Description of Notations] 

1 Electromagnetic-Lens Superposition Electron Gun 
1 A Electron gun point (electronic generating section) 
IB Vacuum sealant 

la Shot key module 

lb Liquid metal field emission cathode or thermoelectrical community radiation cathode (electron source) 
lc Anode 

Id Field superposition lens 
ldl Magnetic circuit 
ldl 1 Magnetic substance 
ldl 2 Exiting coil 
le Axial doubling coil 

2 Objective Lens 

3 Target with Diamond Heat Sink 
3 a Target ingredient 
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3b£)iamoRd plate 

10 Inspected Object (Sample) 

1 1 X-ray Detector 

21 Thermocouple-Emission Electron Gun 
21a Grid 

21b Thermocouple-emission cathode (electron source) 
21c Anode 

22 Electron Lens (Objective Lens) 

23 Target 

23 a X line source 

24 X-ray Detector 

Re Electron (electron ray) 
Rx X-ray 
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♦•NOTICES * 

* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 
[Claim 1] 

X-ray micro test equipment characterized by having the field superposition lens with which the field 
generating section has been arranged near the electronic generating section of an electron gun as a component 
of said X-ray generating means in the X-ray micro test equipment which has an X-ray generating means to 
apply the electron ray from an electron source to the target for X-ray generating, and to generate an X-ray, and 
inspects an inspected object using said X-ray. 
[Claim 2] 

X-ray micro test equipment characterized by having the liquid metal electron source using the liquid metal as 
said electron source as a component of said X-ray generating means in the X-ray micro test equipment which 
has an X-ray generating means to apply the electron ray from an electron source to the target for X-ray 
generating, and to generate an X-ray, and inspects an inspected object using-said X-ray. 
[Claim 3] ";Y :■■->-. r 

X-ray micro test equipment characterized by having a thermoelectrical community radiation electron source as 
a component of said X-ray generating means as said electron source in the X-ray micro test equipment which 
has an X-ray generating means to apply the electron ray from an electron source to the target for X-ray 
generating, and to generate an X-ray, and inspects an inspected object using said X-ray. 
[Claim 4] 

X-ray micro test equipment characterized by having the target with a heat sink which used the CVD diamond 
as a heat sink as said target for X-ray generating as a component of said X-ray generating means in the X-ray 
micro test equipment which has an X-ray generating means to apply the electron ray from an electron source to 
the target for X-ray generating, and to generate an X-ray, and inspects an inspected object using said X-ray. 
[ClaimS] 

X-ray micro test equipment according to claim 1 equipped with one of components at least among the targets 
with a heat sink which used the CVD diamond as a heat sink as a component of said X-ray generating means 
as the electron source which used the liquid metal as said electron source or a thermoelectrical community 
radiation electron source, and said target for X-ray generating. 
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Drawing selection 1 Representative drawing |T| 
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Drawing selection I drawing 2 
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Drawing selection I drawing 4 
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